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Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, lodine, Iron, Manga-
nese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc

PAULA TRUMBO, PhD; ALLISON A. YATES, PhD, RD; SANDRA SCHLICKER, PhD; MARY POOS, PhD

The Food and Nutrition Board of the Institute of Medicine, The
National Academies, recently released the fourth in a series of
reports presenting dietary reference values for the intake of
nutrients by Americans and Canadians (1). The overall project
is a comprehensive effort undertaken by the Standing Commit-
tee on the Scientific Evaluation of Dietary Reference Intakes
(DRI Committee) of the Food and Nutrition Board, Institute of
Medicine of the National Academies, with the active involve-
ment of Canadian scientists!.

The development of Dietary Reference Intakes (DRIs) ex-
pands and replaces the series of Recommended Dietary Allow-
ances, which have been published since 1941 by the Food and
Nutrition Board of the National Academy of Sciences, and the
Recommended Nutrient Intakes (RNIs) of Canada. Earlier
reports (2,3,4) in the series providing DRIs for some vitamins
and elements have been described previously (5,6), along with
details on the framework and definitions of each category (5).

Dietary Reference Intakes (DRIs) are reference values that
are quantitative estimates of nutrient intakes to be used for
planning and assessing diets for healthy people. They include
RDAs as goals for intake by individuals but also present three
new types of reference values (Figure 1).

In the earlier reports Als, rather than RDAs, were proposed
for all nutrients for infants to age 1 year and for calcium,
vitamin D, fluoride, pantothenic acid, biotin, and choline for
persons of all ages (Tables 1,2). RDAs for the other nutrients
were also provided (Tables 1,2). In this new report, Als for
vtamin K, chromium, and manganese are proposed, with RDAs
being provided for vitamin A, copper, iodine, iron, molybde-
num, and zinc (Tables 1,2). Although the evidence was re-
viewed, no quantitative recommended intakes were given for
arsenic, boron, nickel, silicon, or vanadium.

HIGHLIGHTS OF THE REPORT

Infant Recommendations

For most of the micronutrients included in this new report, Als
rather than RDAs are being proposed for infants to age 1 year.
EARs and RDAs, however, are proposed for iron and zinc for
infants 7 to 12 months of age because the level of iron and zinc
in human milk does not meet the needs of older infants and
because factorial data are available to estimate the average
requirement and from that derive an RDA.

! Full texts of reports are available at www.nap.edu.

A.A Yates (corresponding author) is the director of and
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Adequate for What?

A critical point in reviewing the recommendations for intake is
to note the specific criterion or functional outcome that was
used as the benchmark for adequacy. Three of the categories
of DRIs are defined by specific criteria of nutrient adequacy
(the EAR, the RDA, and the AI); the fourth is defined by a
specific indicator of excess if one is available. A key questionis:
“Adequate for what?” In some cases, a continuum of benefits
may be ascribed to various levels of intake of the same nutri-
ents. Thus, each EAR and Al is described in terms of the
selected criterion or criteria of adequacy (Figure 2). For
example, the RDA for vitamin A is based on maintaining a
minimum store of vitamin A in hepatic tissue; a lower RDA
would result if the criterion chosen to be used in Canada and
the United States had been night blindness. Iron requirements
are based on maintaining minimal levels of iron stores, rather
than the lower amounts needed to prevent anemia.

Tolerable Upper Intake Leveis

UL values have been established for nutrients for which ad-
equate data were available (Tables 3, 4). The adverse effects
that identified and characterized these nutrients are listed in
Table 5. For vitamin K, arsenic, chromium, and silicon, there
are insufficient data for developing a UL. This does not mean
that there is no potential for adverse effects resulting from high
intakes from all sources; for example, arsenic in water is a
known poison. However, at levels below what is known to cause
acute toxicity, little data is available. When data about adverse
effects are extremely limited, extra caution may be warranted.
Similarly, the valence state for chromium found in foods, chro-
mium [II, was the only form evaluated. Thus, adverse effects
associated with ingesting other valence states of chro-
mium, such as chromium VI, or with picolinic acid, were not
reviewed. Because of lack of suitable data, ULs of many of the
nutrients reviewed could not be established for infants. This

Recommended Dietary Allowance (RDA): the average
daily dietary intake level that is sufficient to meet the nutrient
requirement of nearly all (97 to 98 percent) healthy individuals
in a particular life stage and gender group.

Adequate Intake (Al). a recommended intake value based
on observed or experimentally determined approximations or
estimates of nutrient intake by a group {or groups) of healthy
people that are assumed to be adequate—used when an RDA
cannot be determined.

Tolerable Upper intake Level (UL): the highest level of
daily nutrient intake that is likely to pose no risk of adverse
health effects for almost all individuals in the general popula-
tion. As intake increases above the UL, the potential risk of
adverse effects increases.

Estimated Average Requirement (EAR): a daily nutrient
intake value that is estimated to meet the requirement of half
of the healthy individuals in a life stage and gender group.

FIG. 1. Dietary Reference Intakes
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Figure 2

Nutrient Functions and the Indicators Used to Estimate Requirements®

Nutrient Function Criterion(ia) of Adequacy
Vitamin A Required for normal vision, gene expression, reproduction, Maintenance of adequate body vitamin A stores as indicated by
(RDA) embryonic development, and immune function liver biopsy
Vitamin K Coenzyme in blood coagulation and bone metabolism Based on intake
(A1)
Arsenic No biological function in humans although animal data indicate No recommendation
requirement
Boron No clear biological function established in humans has been No recommendation
identified, although data in animal indicate a role
Chromium Potentiates the action of insulin Based on estimated intake per 1,000 kcal
(Al)
Copper Component in numerous metalloenzymes acting as oxidases to Plasma copper concentration, serum ceruloplasmin
(RDA) achieve the reduction of molecular oxygen concentration, erythrocyte superoxide dismutase activity, and
platelet copper concentration
lodine Component of the thyroid hormones, thyroxine and triiodothyronine Thyroid iodine accumulation and turnover and iodine balance.
(RDA)
Iron Component of hemoglobin and numerous enzymes Factorial model based on basal iron losses, menstrual losses,
(RDA) fetal requirements in pregnancy, increased requirement during
growth, and/or increased tissue and storage iron
Manganese Involved in the formation of bone and in enzymes involved in Based on intake
(A1) amino acid, cholesterol, and carbohydrate metabolism
Molybdenum Cofactor for enzymes involved in catabolism of sulfur amino acids, Molybdenum balance
(RDA) purines and pyridines.
Nickel No clear biological function in humans has been identified. May No recommendation
serve as a cofactor of metalloenzymes.
Silicon No biological function in humans has been identified. May be No recommendation
involved in bone function based on anima! studies.
Vanadium No biological function in humans has been identified. No recommendation
Zinc Component of multiple enzymes involved in maintenance of the Factorial analysis based primarily on the minimal amount of
(RDA) structural integrity of proteins and in the regulation of gene absorbed zinc necessary to match total daily zinc excretion;

expression

secondary indicator was physical growth response to zinc
supplementation.

*RDA=Recommended Dietary Allowance.
*Al=Adequate Intake.
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signifies a need for data, and in its absence, food sources only
are recommended.

Bioavailability

One major change is due to new information that indicates
that conversion of dietary provitamin A carotenoids from
food to retinol or active vitamin A has been significantly
overestimated in the past. Therefore, a new equivalency is
proposed: Retinol Activity Equivalent (RAE)(Table 6). A
change that means twice as much provitamin A carotenoids
contained in green leafy vegetables and fruits are required
to provide a given amount of vitamin A. Given possible
future changes in equivalency, a recommendation is
made that the actual weight of carotenoids found in specific
foods be listed in food tables to allow for future adjustments
when more data are available. Iron bioavailability for
those -consuming a typical mixed diet in the United
States and Canada was estimated to be 18% for those with
minimal iron stores, while for vegetarians it was
estimated to be 10%.

USES OF THE DRIs

The four primary uses of DRIs are for assessing intakes of
individuals and of population groups and in planning diets for
individuals and for groups (Table 7). Another DRI report
released in 2000 provides suggested approaches for using
specific DRIs in dietary assessment (8). It focuses on the use
of the EAR in estimating the prevalence of inadequacy and the
extent to which an Al can be used given the absence of an EAR,
and it provides the statistical basis for these applications. A
future report will focus on using DRIs to plan diets for individu-
als and groups.

WHAT'S ON THE HORIZON

Asindicated earlier, four reports have been released on DRIs,
thus completing the initial review of vitamins and almost all
elements (a review of electrolytes—sodium, potassium chlio-
ride, etc—and water is still to be initiated). Currently, a panel
of experts is reviewing protein, amino acids, fats and fatty
acids, carbohydrates and fiber, and energy expenditure using
the DRI framework, with the report expected by the end of this
year. In addition to electrolytes and water, two additional
panels will evaluate other food components, such as
phytoestrogens and other phytochemicals found in foods like
tea or garlic, assuming adequate data relating these com-
pounds to risk of chronic disease and health are available, and

Table 5
Adverse Effects

Nutrient Adverse Effect

Vitamin A teratological effects, liver toxicity
Boron reproductive and developmental effects”
Copper liver damage

lodine elevated TSH concentration

Iron gastrointestinal distress
Manganese elevated blood concentration
Molybdenum reproductive effects™

Nickel decreased body weight gain*
Vanadium renal Jesions*

Zinc reduced copper status

"From preformed Vitamin A only.
*As observed in animal studies.
NOTE: ULs were not determined for vitamin K, arsenic, or silicon.
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the role of alcohol in health and disease. Perhaps even before
these panels start, it will be time to review the data on some of
the vitamins or elements already evaluated because of new
science indicating a need for substantive reevaluation.
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Table 6

Comparison of the 1989 National Research Council and new 2001 Institute of Medicine interconversion of Vitamin A and Carotenoid Units

1989, NRC

10M, 2001

1 retinol equivalent (RE)

=1 pg of all-trans-retinol

=2 ug all-trans-B-carotene in oil

=6 g dietary all-trans-p-carotene

=12 pg of other dietary provitamin A carotenoids
=3.33 IU vitamin A activity from retinol

1 retinol activity equivalent (RAE)

=1 ng of all-trans-retinol

=2 ug all-trans-B-carotene in oil

=12 pg of dietary all-trans-g-carotene

=24 pg of other dietary provitamin A carotenoids
=3.33 IU vitamin A activity from retinol

Table 7
Uses of Dietary Reference Intakes for Healthy Individuals and Groups
Type of Use For the Individual For a Group
Assessment EAR: use to examine the probability that usual intake is EAR: use to estimate the prevalence of inadequate intakes within
inadequate. a group.
RDA: usual intake at or above this level has a low RDA: do not use to assess intakes of groups.
probability of inadequacy.
Al°: usual intake at or above this level has a low Al°: mean usual intake at or above this level implies a low
probability of inadequacy. prevalence of inadequate intakes.
UL: usual intake above this level has a potential risk of UL: use to estimate the percentage of the population potentially
adverse effects. at risk of adverse effects from excessive nutrient intake.
Planning RDA: aim for this intake. EAR: use to plan an intake distribution with a low prevalence of

Al°: aim for this intake.

UL: use as a guide to limit intake; chronic intake of
higher amounts increases potential risk of adverse
effects.

inadequate intakes.

Al°: use a plan mean intakes.

UL: use to plan intake distributions with a low prevatence of
intakes that have a potential risk of adverse effects.

RDA=Recommended Dietary Allowance; EAR=Estimated Average Requirement.

Al=Adequate Intake; UL=Tolerable Upper Level.

*Evaluation of true status requires clinical, biochemical, and anthropometric data.

"Requires statistically valid approximation of distribution of usual intakes.

°For the nutrients in this report, Als are set for infants for all nutrients, and for other age groups for vitamin K, chromium, and manganese. The Al may be used
as a guide for infants as it reflects the average intake from human milk. Infants consuming formulas with the same nutrient composition as human milk are con-
suming an adequate amount after adjustments are made for differences in bioavailability. When the Al for a nutrient is not based on mean intakes of healthy

populations, this assessment is made with less canfidence.

Journal of THE AMERICAN DIETETIC ASSOCIATION / 301



